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Supplementary Figure 1. Cumulative distribution of number of alignments per read. Distributions are shown for each
protocol on four data sets. Note that PALMapper was not run on the mouse data, and only two of the four PALMapper
protocols were applied to the K562 data (PALMapper and PALMapper cons).
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Supplementary Figure 2. Mismatch frequencies stratified by base caller quality scores. Results for K562 whole cell
replicate 1 are shown. Reads were divided into five categories by mean quality score. Quality scores range from 2 to 40,
with lower scores correponding to less confident base calls. Bars show distribution of mismatches per alignment,
demonstrating that most methods tend to align low-quality reads with more mismatches. Percentages of aligned reads
are tabulated for each protocol and quality score category, showing that protocols differ in the extent to which
mappability depends on quality score.
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Supplementary Figure 3. Mapping statistics for high-quality reads from K562 and mouse. Mapping yield (a) and
mismatch frequencies (b) are shown for reads with a mean base call quality score of at least 38. Results for K562 whole
cell RNA replicate 1 (upper bar for each protocol) are compared to those for the mouse data set (lower bar). Mismatch
frequencies represent the proportion of mapped reads for which the primary alignment contains the indicated number

of mismatches.
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Supplementary Figure 4. Mismatch and truncation frequencies for alignments of simulated data. (a) Percentage of
reads aligned with the indicated number of mismatches. (b) Percentage of reads that were truncated at either or both
ends (colors indicate the number of bases removed per read). The bars labeled “Truth” show frequencies for the
alignments produced by the simulator, corresponding to the results expected from a perfect aligner.
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Supplementary Figure 5. Indel frequencies for mouse and simulated data. Bars show size distribution of indels. Indel
frequencies are tabulated (number of indels per thousand sequenced reads). The mouse data set contains a significant
number of 45S ribosomal RNA reads that align best with a six bp deletion to a locus on chromosome 17. For the two
simulated data sets, the last bars show the results expected for a perfect aligner (Truth).
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Supplementary Figure 6. Examples of mapping results for reads with small insertions. (a) Alignments of simulated
read containing an insertion at the third position. All protocols mapped the read to the correct locus, but the exact
simulated alignment was only recovered by BAGET, three PALMapper protocols and TopHat1. The first 18 bases of the
read are shown. Mismatches (red), deletions (red dash) and insertions (red on yellow) are indicated. Asterisks indicate
aligners for which all protocols produced the same alignment. The PALMapper base protocol errorneously predicted a
1122 bp intron with noncanonical acceptor and donor dinucleotides (CT, GC). PASS, SMALT and STAR truncated the
first three positions of the read. ReadsMap placed the read three bases away from its correct location, resulting in 59
mismatches. (b) Alignments of a simulated read containing an insertion near a junction joining two exons of the gene
PRKCSH. Only GSNAP and GSTRUCT recovered the simulated alignment. Grey bars represent aligned segments in
genomic coordinates. Mismatches and gaps are colored as in panel c. Grey lines represent predicted introns. Only the
correct aligment has canonical acceptor and donor dinucleotides (GT..AG, green). Annotated PRKCSH junctions are
shown in black. All reported primary alignments are shown. GEM, PASS, ReadsMap and TopHat did not map the read.

Nature Methods: doi:1

0.1038/nmeth.2722

Page 7 of 50



Engstrom et al.

BAGET ann
GEM ann

GEM cons

GEM cons ann
GSNAP

GSNAP ann
GSTRUCT
GSTRUCT ann
MapSplice
MapSplice ann
PALMapper
PALMapper cons
PASS

PASS cons
ReadsMap
SMALT

STAR 1-pass
STAR 1-pass ann
STAR 2-pass
STAR 2-pass ann
TopHat1

TopHat1 ann
TopHat2

TopHat2 ann

mo o o Uo o MO WO o YO WO o Yo o o MO WO o Yo WO uo o wo o O

o

b —J - J r—J rJ J J JJ—3J°—J 3\ JL—JL—JJ\‘/ JL—J L7 L3 L—JL—J L1 L

Mismatches

LR TEFCURRRRELCAL

[ILL) I

Insertions
A N
N
N
N1
N—A
S
S
S
I e e
I e e
NN
T
D
D
S
I
N
i SN
N
I N
N
I

N_n
| AN—

Deletions

[11]1

s

Introns

Ao

Supplement

Supplementary Figure 7. Positional distribution of mismatches and gaps over read sequences. Curves show the
distribution (percentage) of the indicated operations along the 76 nt read sequences, computed over the primary

alignments for K562 whole cell replicate 1. Red lines indicate positions where the frequency exceeds 5%.
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Supplementary Figure 8. Base call quality score distributions for the RNA-seq data sets used in this study.
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Supplementary Figure 9. Coverage of annotated genes for K562 whole cell and simulation 1. Scatter plots show a
range of metrics reflecting coverage of Ensembl genes by RNA-seq read alignments, for K562 whole cell replicate 1
(left) and simulated data set 1 (right). (a) Percentage of sequenced or simulated reads for which all mapped bases fall
within exon sequence versus those with all mapped bases confined to introns. (b) Percentage of reads for which
mappings partially overlap exons (i.e. alignments where a subset of the genomic positions are annotated as exonic)
versus those aligned in a spliced manner with all mapped bases in exon sequence. Note the negative correlation,
suggesting that partial exon hits often result from failure to identify splice junctions. (c) Number of genes (including
non-coding genes) with fully exonic mappings versus number of pseudogenes with such mappings. For simulated data,
“Truth” corresponds to the results expected for a perfect aligner. See also Supplementary Figures 10-12.
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Supplementary Figure 10. Coverage of annotated genes for K562 cytoplasmic and nuclear RNA. Scatter plots show a
range of gene coverage metrics as in Supplementary Figure 9.
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Supplementary Figure 11. Coverage of annotated genes for mouse and simulation 2. Scatter plots show a range of
gene coverage metrics as in Supplementary Figure 9.
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Supplementary Figure 12. Mapping frequency at intronic repeats. Results for K562 nuclear fraction replicate 1 are

shown. Grey bar segments indicate the proportion of intronic mappings that overlap with repeat elements. Note the
lower proportion of such mappings for ReadsMap.
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Supplementary Figure 13. Size distribution for splices in primary alignments. Cumulative distributions are shown for
each protocol on four data sets. For the two simulated data sets, the true size distribution is also shown (black curves).
For PALMapper and ReadsMap, the distributions show an unexpected pattern near the saturation point, suggesting a
problem with the scoring of very long splices by these two aligners.
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Supplementary Figure 14. Number of supporting alignments for known and novel junctions. Results for K562 whole
cell replicate 1 are shown. Curves illustrate the frequency of junctions for different thresholds on the number of
supporting primary alignments. Reported junctions were classified into five categories by comparison to junctions
annotated in the Ensembl database (see pictogram). Note that known junctions tend to have many supporting
alignments (top left plot), while unannotated junctions typically have few (other plots).
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Supplementary Figure 15. Splice signals at known and novel junctions. Results for K562 whole cell replicate 1 are
shown. Reported junctions were classified into five categories by comparison to those annotated in the Ensembl
database and further stratified according to the first and last dinucleotides of inferred introns (see inset legend). The
great majority of known introns begin with GT and end with AG, whereas a small proportion have the sequences GC-AG
and AT-AC (see Methods). Directionality was not considered in this analysis (i.e. CT-AC was counted as GT-AG), since
RNA-seq data cannot be assumed to be perfectly strand-specific.
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Supplementary Figure 16. Accuracy for anchored splices in primary alignments of simulated reads. Recall and false
disovery rate (FDR) is presented for splices located between positions 20 and 57 in the 76 nt reads. Accuracy tends to
be higher for this subset of splices compared to those with less flanking sequence (cf. Fig. 5a, where results for all
splices are shown). The left plots depict results for all protocols, whereas the right plots show details of the most dense

areas (indicated by grey rectangles in the left plots).
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Supplementary Figure 17. Splice recall as a function of true read coverage. Curves depict the cumulative percentage
of correctly identified splices as a function of the true number of simulated reads spanning the corresponding exon
junctions.
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Supplementary Figure 18. Examples of alignments with multiple splice junctions. Alignments of a read pair from the
K562 data set mapping across six exons of the gene BTNLY. The first mate (red) contains two exon junctions, and the
second mate (blue) contains three. Paired alignments are connected by dashed lines. All reported primary alignments
are shown. BTLN9 coding sequence is indicated in black and untranslated regions in gray. Nine protocols (GSNAP ann,
GSTRUCT, GSTRUCT ann, ReadsMap, STAR 1-pass ann, STAR 2-pass, STAR 2-pass ann, TopHat2 and TopHat2 ann)
successfully identified all junctions. However, the STAR 2-pass protocols predicted an additional, most likely
errorneous junction separating the first base of mate 1 from the remainder of the read. PASS, PASS cons and TopHat1
only mapped the first mate, whereas BAGET only mapped the second. The PALMapper base protocol produced
incompatible alignments of the two mates and the conservative PALMapper protocol did not report alignments for
either mate.
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Supplementary Figure 19. Effect of secondary alignments on transcript assembly by Cufflinks. Performance was
assessed by measuring precision and recall for individual exons (a) and spliced transcripts (b), using all alignments
from each protocol (red symbols) or the subset of primary alignments (open symbols). For K562 data, precision was
defined as the fraction of predicted exons matching Ensembl annotation, and recall as the fraction of annotated exons
that were predicted. Only exons from protein-coding genes were considered. Results on simulated data were
benchmarked against simulated gene models, using analogous definitions of precision and recall. The last row shows
the results obtained when using perfect alignments produced by the simulator (Truth).

Page 20 of 50

Nature Methods: doi:10.1038/nmeth.2722



Engstrom et al.

Supplementary Table 1. RNA-seq data sets used in this study.

Name ID Species Read pairs Sequencing lanes
K562 whole cell replicate 1 LID16627 Human (cell line) 113588758 3
K562 whole cell replicate 2 LID16628 Human (cell line) 119053315 3
K562 cytoplasmic fraction replicate 1 LID8465 Human (cell line) 124826068 3
K562 cytoplasmic fraction replicate 2 LID8466 Human (cell line) 88445339 3
K562 nuclear fraction replicate 1 LID8556 Human (cell line) 117113622 3
K562 nuclear fraction replicate 2 LID8557 Human (cell line) 105769104 3
Mouse brain ERS028664 Mouse strain C57BL/6N)J 57187342 2
Simulation 1 n.a. Human 40000000 n.a
Simulation 2 n.a. Human 40000000 n.a.

n.a, not applicable.
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Supplementary Table 2. Results on key metrics.

! a ! Correctly ! Incorrectly j . : | Junctionrecall | Junction precision

| Mapped reads | mapped bases’ | mapped bases’ | Splice frequency V(22 mappings)d V(22 m;-lppings)d

| K562 ™M s1 s2 1 s1 s2 . s1 s2 1 K562/1 M s1 s2 . 51 s2 . 51 52
BAGET ann ! 9294 9571 9858 9677 ! 9061  87.49 ! 523 483 1 838 4.95 9.05 917 | 6303 6189 ! 9556  94.91
GEM ann ' 9387 9833  99.90  99.40 ' 9654 9433 ' 3.29 476 ' 1623 691 1555 1462 ' 9534  90.80 ' 9560  89.60
GEM cons ! 9385 9831  99.88 9936 | 9649 9425 | 330 480 | 16.01 670 1535  14.26 | 8408 7739 | 9656  91.57
GEM cons ann | 93.86 98.33 99.90 99.39 | 9653 9432 | 329 477 1 16.07 6.81 15.50 1453 | 90.14 86.22 | 96.15 91.51
GSNAP | 938 9671 9924 9795 | 9684 9455 i 175 201 1 1655 619 1366 1379 1 9561 9534 | 9558 9358
GSNAP ann 9382 9672 9925  97.97 9752 9527 135 1.70 2321 820 1801 1878 98.12  97.90 9328  91.04
GSTRUCT ' 9387 9744 9926 9811 ! 96.95 9485 ! 195 234 ' 2135 863  17.87 1865 ! 9679 9642 ' 9695  95.16
GSTRUCT ann | 93.87 97.43 99.26 98.11 , 97.59 9543 , 131 176 | 22.37 8.77 18.12 18.89 |, 97.24 97.02 |, 97.24 95.51
MapSplice | 9002 9395 9861 9461 1 9683 9146 . 135 162 1 1865 7.32 16.98 1509 1 9594 9035 i 98.26  95.86
MapSplice ann | 9001 9398 9868 9479 | 9695 9167 : 134 164 1 1851 741 1720 1557 i 9700 9354 i 9454 9078
PALMapper 19115 na. 9835 9678 ' 9520 9303 ' 305 374 ' 2162 na. 1709 1779 | 9489 9314 ' 6149 5858
PALMapper ann ' na na. 9842 9699 ! 9496 9299 ! 337 400 ' na. na. 1782 1910 ! 9627 9518 | 5866  52.07
PALMapper cons | 5214 n.a. 80.81 8477 | 7854 8191 ; 170 286 | 3.82 n.a. 831 8.88 | 87.97 86.59 | 9574 91.85
PALMapperconsann 1 n.a. na. 97.74 9432 | 9485  90.92 : 278 340 '+ na. na. 15.44 1594 | 92.65  89.47 1 78.79 71.63
PASS 89.86 9278 9697  90.15 90.83  80.52 3.46 3.38 11.20 590 1248 1072 9118  85.10 86.33 7630
PASS cons ' 8762 9029 9599  87.48 ' 9047 7928 ' 3.01 280 ' 11.02 577 1242 1049 ' 9110 8494 ' 8941 8037
ReadsMap ! 7718 7282 8800 8649 | 7715 7265 . 987 1383 | 2284 1057 2294  20.24 | 9463  89.53 | 2068  20.25
SMALT | 9145 92.25 96.73 96.34 | 91.62 90.13 1 1.92 210 ¢ 280 1.51 3.32 3.15 ;3534 34.88 | 30.69 28.43
STAR 1-pass | 9152 8923 9877 9623 : 9620 9221 i 170 19 1 1402 555 1207 1039 : 9301 8724 i 9768 9579
STAR 1-pass ann ' 9169 8926 9885 9671 ! 9719 9373 ! 127 160 ! 2264 710 1732 1649 ! 9600 9323 ! 9172  89.80
STAR 2-pass ' 9168 8931 988 9677 | 97.26 9385 ! 123 158 | 2424 847 1755 1692 ! 9653 9238 ' 9566  92.59
STAR 2-pass ann | 91.67 89.34 98.85 96.77 . 97.26 93.90 ; 125 159 |, 24.33 8.67 17.74 17.25 | 97.71 95.02 , 9166 88.81
TopHat1 | 8422 8492 9544  86.09 1 9279 8382 . 244 227 1 1512 6.58 1531 1421 1 91.01  83.85 1 94.97 92.33
TopHat1 ann | 8425 8496 9558 8653 | 9294 8426 i 245 227 1 1515 665 1548 1470 : 9350 8899 i 9462 9215
TopHat2 ! 8347 8510 9396 7793 ! 9196 7618 ' 185 174 1 17.23 732 1641 1331 ! 9178 8623 ! 9504  93.36
TopHat2 ann ! 8452 8541 9384 7964 ! 9316 7810 ! 146 155 | 2211 833 1776 1554 9576 9261 | 8840  86.87

.
Results are based on primary alignments only. Data sets: Mean over K562 samples (K562), K562 whole cell replicate 1 (K562/1), mouse brain (M), simulation 1 (S1) and 2 (S2). Metrics: 2percentage of
sequenced or simulated reads mapped by each protocol; bpercentage of all simulated bases that were correctly/incorrectly aligned; cnumber of splices in primary alignments divided by the number of
sequenced reads; djunction discovery accuracy when requiring at least two supporting mappings per junction. All values are given as percentages. Bold indicates the highest or lowest value in each
column. The PALMapper protocols were not applied to all data sets, as indicated (n.a.). The lower splice frequencies on mouse data are expected as a result of a more pronounced 3’ bias in this data set
(not shown).
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Supplementary Table 3. Alignment yield.

Supplement

Both mates Both mates multi- One mate uniquely
and one multi-

I d d
y PP pp

One mate uniquely
mapped and one

One mate multi-
mapped and one

Total mapped read

Total mapped reads

mapped unaligned

A. K562 whole cell replicate 1

BAGET ann 87.78% 0.13% 0.98% 3.43% 0.24% 92.57% 90.73%
GEM ann 47.13% 42.92% 0.37% 0.77% 0.72% 91.91% 91.17%
GEM cons 47.45% 42.57% 0.37% 0.79% 0.73% 91.91% 91.15%
GEM cons ann 47.38% 42.65% 0.37% 0.78% 0.73% 91.91% 91.16%
GSNAP 79.50% 10.98% 0.04% 0.90% 0.35% 91.77% 91.14%
GSNAP ann 79.61% 10.86% 0.04% 0.92% 0.35% 91.78% 91.15%
GSTRUCT 74.48% 16.01% 0.04% 0.88% 0.39% 91.80% 91.17%
GSTRUCT ann 77.86% 12.63% 0.04% 0.92% 0.35% 91.80% 91.16%
MapSplice 83.31% 0.01% 0.05% 5.81% 0.88% 90.07% 86.72%
MapSplice ann 83.30% 0.01% 0.05% 5.81% 0.89% 90.07% 86.71%
PALMapper 32.84% 36.97% 18.72% 1.50% 1.67% 91.69% 90.11%
PALMapper cons 18.12% 0.00% 0.00% 24.23% 0.00% 42.36% 30.24%
PASS 82.13% 0.33% 0.18% 8.17% 0.05% 90.86% 86.75%
PASS cons 80.95% 0.32% 0.00% 6.65% 0.00% 87.93% 84.60%
ReadsMap 55.49% 4.42% 6.46% 11.17% 1.17% 78.70% 72.54%
SMALT 85.76% 0.03% 1.02% 6.49% 0.38% 93.68% 90.24%
STAR 1-pass 83.76% 5.68% 0.00% 0.00% 0.00% 89.45% 89.45%
STAR 1-pass ann 84.17% 5.45% 0.00% 0.00% 0.00% 89.61% 89.61%
STAR 2-pass 81.75% 7.85% 0.00% 0.00% 0.00% 89.60% 89.60%
STAR 2-pass ann 81.66% 7.93% 0.00% 0.00% 0.00% 89.59% 89.59%
TopHatl 73.35% 4.09% 0.00% 9.65% 1.39% 88.48% 82.96%
TopHatl ann 73.39% 4.11% 0.00% 9.60% 1.39% 88.49% 82.99%
TopHat2 70.58% 4.49% 0.00% 11.29% 1.58% 87.95% 81.51%
TopHat2 ann 72.57% 4.59% 0.00% 10.63% 1.33% 89.12% 83.14%
B. K562 whole cell replicate 2

BAGET ann 84.16% 0.14% 1.54% 8.79% 0.51% 95.14% 90.49%
GEM ann 47.12% 41.72% 0.49% 3.09% 2.43% 94.85% 92.09%
GEM cons 47.46% 41.34% 0.49% 3.14% 2.42% 94.85% 92.07%
GEM cons ann 47.40% 41.42% 0.49% 3.12% 2.42% 94.85% 92.08%
GSNAP 78.74% 11.68% 0.05% 2.35% 0.93% 93.75% 92.11%
GSNAP ann 78.86% 11.61% 0.05% 2.32% 0.93% 93.77% 92.14%
GSTRUCT 73.07% 17.45% 0.05% 2.22% 1.03% 93.82% 92.19%
GSTRUCT ann 74.60% 15.91% 0.05% 2.26% 0.99% 93.81% 92.19%
MapSplice 76.45% 0.01% 0.06% 12.23% 2.06% 90.82% 83.68%
MapSplice ann 76.43% 0.01% 0.06% 12.23% 2.07% 90.81% 83.66%
PALMapper 31.12% 35.15% 18.23% 4.72% 4.80% 94.03% 89.27%
PALMapper cons 34.52% 0.00% 0.00% 34.39% 0.00% 68.92% 51.72%
PASS 74.45% 0.32% 0.17% 17.64% 0.13% 92.72% 83.83%
PASS cons 73.19% 0.32% 0.00% 10.36% 0.00% 83.87% 78.69%
SMALT 86.08% 0.02% 0.75% 6.91% 0.21% 93.96% 90.40%
STAR 1-pass 82.90% 5.99% 0.00% 0.00% 0.00% 88.89% 88.89%
STAR 1-pass ann 83.68% 5.68% 0.00% 0.00% 0.00% 89.36% 89.36%
STAR 2-pass 81.25% 8.10% 0.00% 0.00% 0.00% 89.36% 89.36%
STAR 2-pass ann 81.15% 8.20% 0.00% 0.00% 0.00% 89.35% 89.35%
TopHatl 62.54% 3.61% 0.00% 16.54% 2.34% 85.03% 75.59%
TopHatl ann 62.56% 3.63% 0.00% 16.50% 2.35% 85.04% 75.62%
TopHat2 59.15% 3.97% 0.00% 17.63% 2.37% 83.12% 73.12%
TopHat2 ann 60.74% 3.85% 0.00% 17.39% 2.16% 84.15% 74.37%
C. K562 cytoplasmic fraction replicate 1

BAGET ann 91.83% 0.11% 1.00% 3.51% 0.29% 96.74% 94.84%
GEM ann 52.24% 42.33% 0.63% 0.72% 0.72% 96.63% 95.91%
GEM cons 52.66% 41.87% 0.63% 0.75% 0.72% 96.63% 95.90%
GEM cons ann 52.57% 41.98% 0.63% 0.74% 0.72% 96.63% 95.90%
GSNAP 82.59% 12.69% 0.12% 0.68% 0.31% 96.39% 95.89%
GSNAP ann 82.53% 12.75% 0.12% 0.69% 0.31% 96.40% 95.90%
GSTRUCT 77.97% 17.34% 0.12% 0.79% 0.31% 96.53% 95.98%
GSTRUCT ann 79.34% 15.97% 0.12% 0.81% 0.30% 96.53% 95.98%
MapSplice 90.31% 0.01% 0.09% 4.29% 0.63% 95.33% 92.87%
MapSplice ann 90.29% 0.01% 0.09% 4.31% 0.63% 95.32% 92.86%
PASS 89.47% 0.19% 0.19% 5.90% 0.03% 95.78% 92.82%
PASS cons 88.33% 0.18% 0.00% 5.51% 0.00% 94.03% 91.27%
ReadsMap 61.37% 5.60% 9.37% 10.00% 1.02% 87.37% 81.86%
SMALT 88.12% 0.00% 0.49% 5.63% 0.14% 94.39% 91.50%
STAR 1-pass 87.75% 5.96% 0.00% 0.00% 0.00% 93.71% 93.71%
STAR 1-pass ann 87.72% 6.12% 0.00% 0.00% 0.00% 93.84% 93.84%
STAR 2-pass 83.73% 10.08% 0.00% 0.00% 0.00% 93.81% 93.81%
STAR 2-pass ann 83.60% 10.20% 0.00% 0.00% 0.00% 93.80% 93.80%
TopHatl 77.44% 4.61% 0.00% 9.24% 1.18% 92.47% 87.26%
TopHatl ann 77.46% 4.65% 0.00% 9.18% 1.18% 92.48% 87.29%
TopHat2 75.66% 5.96% 0.00% 9.56% 1.25% 92.43% 87.03%
TopHat2 ann 77.35% 6.01% 0.00% 8.96% 1.08% 93.39% 88.37%
D. K562 cytoplasmic fraction replicate 2

BAGET ann 90.78% 0.12% 1.03% 3.12% 0.25% 95.30% 93.61%
GEM ann 44.72% 49.11% 0.46% 0.51% 0.40% 95.20% 94.74%
GEM cons 45.14% 48.67% 0.46% 0.54% 0.40% 95.20% 94.73%
GEM cons ann 45.05% 48.78% 0.46% 0.52% 0.40% 95.20% 94.74%
GSNAP 83.12% 11.16% 0.11% 0.56% 0.17% 95.12% 94.75%
GSNAP ann 83.11% 11.18% 0.11% 0.57% 0.17% 95.13% 94.76%
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Both mates

d

Both mates multi-
d

y

One mate uniquely
and one multi-

One mate uniquely
mapped and one

One mate multi-
mapped and one

Total mapped read
pairs

Total mapped reads

mapped unaligned unaligned

GSTRUCT 79.62% 14.68% 0.11% 0.66% 0.17% 95.25% 94.83%
GSTRUCT ann 81.25% 13.06% 0.10% 0.67% 0.16% 95.25% 94.83%
MapSplice 90.66% 0.01% 0.08% 3.31% 0.34% 94.40% 92.58%
MapSplice ann 90.60% 0.01% 0.08% 3.36% 0.34% 94.40% 92.55%
PASS 88.31% 0.20% 0.18% 5.90% 0.03% 94.63% 91.66%
PASS cons 87.05% 0.20% 0.00% 5.63% 0.00% 92.87% 90.05%
SMALT 87.24% 0.00% 0.55% 5.99% 0.17% 93.94% 90.86%
STAR 1-pass 86.92% 5.63% 0.00% 0.00% 0.00% 92.55% 92.55%
STAR 1-pass ann 86.65% 6.02% 0.00% 0.00% 0.00% 92.67% 92.67%
STAR 2-pass 82.97% 9.67% 0.00% 0.00% 0.00% 92.64% 92.64%
STAR 2-pass ann 82.83% 9.79% 0.00% 0.00% 0.00% 92.63% 92.63%
TopHatl 75.71% 4.51% 0.00% 9.96% 1.11% 91.29% 85.75%
TopHatl ann 75.79% 4.52% 0.00% 9.88% 1.11% 91.30% 85.80%
TopHat2 73.38% 5.91% 0.00% 10.80% 1.20% 91.30% 85.29%
TopHat2 ann 75.16% 6.32% 0.00% 10.00% 1.07% 92.55% 87.02%
E. K562 nuclear fraction replicate 1

BAGET ann 92.05% 0.25% 1.02% 2.65% 0.40% 96.36% 94.84%
GEM ann 64.76% 29.89% 0.40% 0.72% 0.45% 96.22% 95.63%
GEM cons 65.17% 29.45% 0.40% 0.74% 0.45% 96.22% 95.62%
GEM cons ann 65.11% 29.52% 0.40% 0.73% 0.45% 96.22% 95.62%
GSNAP 87.22% 7.68% 0.06% 0.65% 0.26% 95.87% 95.42%
GSNAP ann 87.25% 7.66% 0.06% 0.65% 0.26% 95.88% 95.43%
GSTRUCT 88.12% 6.84% 0.06% 0.71% 0.21% 95.93% 95.47%
GSTRUCT ann 88.70% 6.25% 0.06% 0.71% 0.21% 95.93% 95.47%
MapSplice 90.43% 0.01% 0.08% 4.10% 0.55% 95.16% 92.84%
MapSplice ann 90.43% 0.01% 0.08% 4.09% 0.55% 95.16% 92.84%
PALMapper 46.25% 24.11% 21.33% 1.87% 2.00% 95.57% 93.64%
PALMapper cons 37.19% 2.26% 3.25% 33.81% 3.40% 79.90% 61.29%
PASS 89.41% 0.39% 0.26% 5.43% 0.04% 95.53% 92.79%
PASS cons 88.22% 0.38% 0.00% 5.23% 0.00% 93.83% 91.22%
ReadsMap 62.17% 2.93% 4.98% 12.99% 1.13% 84.20% 77.14%
SMALT 90.82% 0.01% 0.54% 3.88% 0.17% 95.42% 93.40%
STAR 1-pass 88.94% 4.06% 0.00% 0.00% 0.00% 93.00% 93.00%
STAR 1-pass ann 88.77% 4.31% 0.00% 0.00% 0.00% 93.08% 93.08%
STAR 2-pass 87.00% 6.08% 0.00% 0.00% 0.00% 93.08% 93.08%
STAR 2-pass ann 86.95% 6.13% 0.00% 0.00% 0.00% 93.07% 93.07%
TopHatl 78.26% 3.74% 0.00% 9.99% 1.19% 93.19% 87.59%
TopHatl ann 78.29% 3.75% 0.00% 9.96% 1.19% 93.19% 87.62%
TopHat2 77.30% 4.10% 0.00% 10.23% 1.26% 92.88% 87.14%
TopHat2 ann 78.12% 3.71% 0.00% 9.97% 1.07% 92.87% 87.35%
F. K562 nuclear fraction replicate 2

BAGET ann 90.76% 0.19% 0.80% 2.47% 0.34% 94.55% 93.15%
GEM ann 64.61% 28.22% 0.32% 0.66% 0.36% 94.17% 93.66%
GEM cons 64.95% 27.85% 0.32% 0.68% 0.37% 94.17% 93.64%
GEM cons ann 64.89% 27.92% 0.32% 0.67% 0.36% 94.17% 93.65%
GSNAP 86.38% 6.72% 0.05% 0.55% 0.18% 93.88% 93.52%
GSNAP ann 86.39% 6.71% 0.05% 0.55% 0.18% 93.89% 93.52%
GSTRUCT 86.95% 6.19% 0.04% 0.62% 0.15% 93.96% 93.57%
GSTRUCT ann 87.68% 5.46% 0.04% 0.62% 0.15% 93.96% 93.57%
MapSplice 89.59% 0.01% 0.07% 3.22% 0.35% 93.24% 91.46%
MapSplice ann 89.59% 0.01% 0.07% 3.22% 0.35% 93.24% 91.46%
PALMapper 45.82% 22.50% 21.39% 1.80% 1.92% 93.43% 91.57%
PALMapper cons 42.29% 2.43% 3.46% 31.26% 2.97% 82.42% 65.30%
PASS 88.47% 0.43% 0.26% 4.24% 0.04% 93.44% 91.30%
PASS cons 87.31% 0.42% 0.00% 4.37% 0.00% 92.09% 89.91%
SMALT 89.36% 0.01% 0.55% 4.46% 0.23% 94.61% 92.26%
STAR 1-pass 87.62% 3.89% 0.00% 0.00% 0.00% 91.50% 91.50%
STAR 1-pass ann 87.34% 4.23% 0.00% 0.00% 0.00% 91.57% 91.57%
STAR 2-pass 85.67% 5.91% 0.00% 0.00% 0.00% 91.57% 91.57%
STAR 2-pass ann 85.61% 5.96% 0.00% 0.00% 0.00% 91.57% 91.57%
TopHatl 78.17% 3.07% 0.00% 8.95% 0.91% 91.10% 86.17%
TopHatl ann 78.20% 3.08% 0.00% 8.92% 0.91% 91.10% 86.19%
TopHat2 78.66% 3.68% 0.00% 7.91% 0.87% 91.12% 86.73%
TopHat2 ann 79.32% 3.34% 0.00% 7.64% 0.72% 91.03% 86.85%
G. Mouse brain

BAGET ann 90.34% 0.28% 1.81% 5.87% 0.67% 98.98% 95.71%
GEM ann 62.53% 31.64% 2.89% 0.42% 2.12% 99.60% 98.33%
GEM cons 62.80% 31.33% 2.89% 0.45% 2.12% 99.60% 98.31%
GEM cons ann 62.72% 31.44% 2.89% 0.43% 2.11% 99.60% 98.33%
GSNAP 83.92% 9.54% 1.51% 1.46% 2.01% 98.45% 96.71%
GSNAP ann 83.88% 9.59% 1.51% 1.46% 2.01% 98.45% 96.72%
GSTRUCT 81.63% 13.29% 1.23% 1.00% 1.56% 98.71% 97.44%
GSTRUCT ann 81.94% 13.00% 1.20% 1.01% 1.56% 98.71% 97.43%
MapSplice 88.42% 0.24% 1.63% 5.89% 1.42% 97.60% 93.95%
MapSplice ann 88.49% 0.24% 1.63% 5.81% 1.43% 97.60% 93.98%
PASS 87.38% 0.31% 0.33% 9.48% 0.04% 97.54% 92.78%
PASS cons 84.99% 0.27% 0.00% 10.07% 0.00% 95.33% 90.29%
ReadsMap 57.26% 3.68% 3.20% 16.36% 0.99% 81.50% 72.82%
SMALT 88.66% 0.01% 0.86% 5.27% 0.18% 94.97% 92.25%
STAR 1-pass 84.28% 4.95% 0.00% 0.00% 0.00% 89.23% 89.23%
STAR 1-pass ann 83.98% 5.28% 0.00% 0.00% 0.00% 89.26% 89.26%
STAR 2-pass 83.23% 6.08% 0.00% 0.00% 0.00% 89.31% 89.31%
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Both mates Both mates multi- One mate uniquely One mate uniquely One mate multi- Total mapped read Total mapped reads
iquely mapped pped and one multi- mapped and one mapped and one pairs
mapped unaligned unaligned

STAR 2-pass ann 83.26% 6.07% 0.00% 0.00% 0.00% 89.34% 89.34%
TopHatl 75.09% 2.68% 0.00% 11.08% 3.21% 92.06% 84.92%
TopHatl ann 75.16% 2.70% 0.00% 11.00% 3.21% 92.07% 84.96%
TopHat2 74.51% 4.14% 0.00% 10.51% 2.38% 91.54% 85.10%
TopHat2 ann 76.35% 2.71% 0.00% 10.52% 2.18% 91.75% 85.41%
H. Simulation 1

BAGET ann 96.37% 0.12% 0.95% 2.08% 0.18% 99.71% 98.58%
GEM ann 67.92% 31.68% 0.20% 0.11% 0.08% 100.00% 99.90%
GEM cons 68.18% 31.38% 0.20% 0.15% 0.10% 100.00% 99.88%
GEM cons ann 68.04% 31.55% 0.20% 0.12% 0.08% 100.00% 99.90%
GSNAP 94.59% 4.54% 0.00% 0.18% 0.05% 99.35% 99.24%
GSNAP ann 94.65% 4.49% 0.00% 0.19% 0.05% 99.37% 99.25%
GSTRUCT 94.54% 4.60% 0.00% 0.20% 0.04% 99.38% 99.26%
GSTRUCT ann 95.37% 3.77% 0.00% 0.20% 0.04% 99.38% 99.26%
MapSplice 95.80% 2.06% 0.01% 1.38% 0.08% 99.34% 98.61%
MapSplice ann 95.95% 2.06% 0.01% 1.24% 0.08% 99.34% 98.68%
PALMapper 51.06% 22.92% 23.26% 1.30% 0.91% 99.46% 98.35%
PALMapper ann 49.88% 23.48% 24.02% 1.21% 0.88% 99.46% 98.42%
PALMapper cons 57.35% 3.89% 7.10% 22.26% 2.67% 93.27% 80.81%
PALMapper cons ann 62.61% 16.14% 17.49% 2.22% 0.78% 99.25% 97.74%
PASS 94.53% 0.44% 0.23% 3.52% 0.02% 98.73% 96.97%
PASS cons 93.82% 0.44% 0.00% 3.46% 0.00% 97.72% 95.99%
ReadsMap 75.90% 2.17% 4.29% 10.83% 0.45% 93.64% 88.00%
SMALT 95.79% 0.01% 0.25% 1.30% 0.04% 97.39% 96.73%
STAR 1-pass 95.97% 2.80% 0.00% 0.00% 0.00% 98.77% 98.77%
STAR 1-pass ann 95.44% 3.41% 0.00% 0.00% 0.00% 98.85% 98.85%
STAR 2-pass 95.36% 3.50% 0.00% 0.00% 0.00% 98.86% 98.86%
STAR 2-pass ann 95.18% 3.67% 0.00% 0.00% 0.00% 98.85% 98.85%
TopHatl 90.80% 1.98% 0.00% 5.04% 0.27% 98.10% 95.44%
TopHatl ann 91.05% 2.00% 0.00% 4.78% 0.27% 98.10% 95.58%
TopHat2 88.00% 2.46% 0.00% 6.64% 0.36% 97.46% 93.96%
TopHat2 ann 88.38% 2.45% 0.00% 5.77% 0.26% 96.85% 93.84%
1. Simulation 2

BAGET ann 91.36% 0.35% 2.47% 4.66% 0.51% 99.36% 96.77%
GEM ann 71.15% 27.08% 0.58% 0.74% 0.44% 99.99% 99.40%
GEM cons 71.76% 26.38% 0.59% 0.81% 0.45% 99.99% 99.36%
GEM cons ann 71.50% 26.72% 0.59% 0.75% 0.44% 99.99% 99.39%
GSNAP 93.95% 3.60% 0.01% 0.65% 0.14% 98.35% 97.95%
GSNAP ann 93.97% 3.58% 0.01% 0.68% 0.14% 98.39% 97.97%
GSTRUCT 94.11% 3.57% 0.01% 0.71% 0.12% 98.52% 98.11%
GSTRUCT ann 94.82% 2.87% 0.01% 0.72% 0.11% 98.52% 98.11%
MapSplice 89.26% 1.75% 0.02% 6.88% 0.26% 98.19% 94.61%
MapSplice ann 89.59% 1.74% 0.03% 6.61% 0.25% 98.21% 94.79%
PALMapper 47.73% 19.09% 27.68% 2.70% 1.87% 99.06% 96.78%
PALMapper ann 44.90% 20.84% 29.17% 2.37% 1.80% 99.08% 96.99%
PALMapper cons 56.73% 5.78% 12.15% 16.52% 3.70% 94.88% 84.77%
PALMapper cons ann 58.91% 10.22% 21.30% 5.85% 1.92% 98.21% 94.32%
PASS 83.60% 0.39% 0.29% 11.70% 0.05% 96.03% 90.15%
PASS cons 82.52% 0.38% 0.00% 9.15% 0.00% 92.06% 87.48%
ReadsMap 73.71% 2.06% 2.99% 14.63% 0.81% 94.21% 86.49%
SMALT 94.92% 0.01% 0.48% 1.82% 0.04% 97.27% 96.34%
STAR 1-pass 93.36% 2.87% 0.00% 0.00% 0.00% 96.23% 96.23%
STAR 1-pass ann 93.33% 3.38% 0.00% 0.00% 0.00% 96.71% 96.71%
STAR 2-pass 93.24% 3.53% 0.00% 0.00% 0.00% 96.77% 96.77%
STAR 2-pass ann 93.09% 3.69% 0.00% 0.00% 0.00% 96.77% 96.77%
TopHatl 75.36% 1.71% 0.00% 17.25% 0.80% 95.11% 86.09%
TopHatl ann 76.09% 1.74% 0.00% 16.62% 0.79% 95.24% 86.53%
TopHat2 63.27% 1.88% 0.00% 24.52% 1.03% 90.70% 77.93%
TopHat2 ann 65.70% 2.11% 0.00% 22.70% 0.98% 91.48% 79.64%

Percentage of sequenced or simulated read pairs mapped by each protocol, for the data sets used in this study. Read pairs are classified by the number of alignments reported per mate. These results
are also shown graphically in Figure 1.
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Supplementary Table 4. Accuracy among unique and ambiguous mappings of simulated reads.

Uniquely mapped reads Multi-mapped reads Proportion of unique Proportion of multi- Proportion correctly Proportion correctly
mappings that are perfect mapped reads for which aligned bases for unique aligned bases for primary
the primary alignment is mappings alignments of multi-
perfect mapped reads

A. Simulation 1

BAGET ann 97.75% 0.74% 86.99% 0.00% 94.58% 81.61%
GEM ann 70.79% 29.11% 96.99% 84.92% 99.56% 89.76%
GEM cons 71.08% 28.79% 96.84% 84.91% 99.53% 89.68%
GEM cons ann 70.93% 28.97% 96.95% 84.87% 99.56% 89.71%
GSNAP 95.65% 3.57% 86.76% 53.56% 99.61% 61.17%
GSNAP ann 95.72% 3.52% 90.94% 57.60% 99.92% 63.45%
GSTRUCT 95.70% 3.55% 91.36% 45.81% 99.80% 50.15%
GSTRUCT ann 96.59% 2.66% 91.39% 51.99% 99.81% 57.11%
MapSplice 96.70% 1.85% 97.56% 47.55% 99.59% 48.24%
MapSplice ann 96.79% 1.84% 97.41% 47.35% 99.60% 48.09%
PALMapper 68.50% 29.75% 99.03% 78.85% 99.86% 90.06%
PALMapper ann 67.57% 30.75% 99.42% 78.30% 99.91% 89.23%
PALMapper cons 73.43% 6.81% 98.59% 72.65% 99.80% 77.15%
PALMapper cons ann 77.83% 19.80% 98.01% 69.56% 99.86% 86.54%
PASS 96.24% 0.61% 49.99% 17.00% 96.71% 35.62%
PASS cons 95.35% 0.48% 50.42% 21.36% 97.04% 43.92%
ReadsMap 83.60% 3.42% 89.98% 34.43% 90.85% 35.26%
SMALT 96.72% 0.17% 75.65% 0.00% 97.98% 68.26%
STAR 1-pass 96.14% 2.58% 88.01% 46.40% 99.51% 52.08%
STAR 1-pass ann 95.56% 3.25% 92.96% 55.74% 99.83% 65.83%
STAR 2-pass 95.48% 3.34% 93.32% 58.30% 99.83% 67.75%
STAR 2-pass ann 95.29% 3.53% 93.41% 58.83% 99.84% 68.81%
TopHatl 93.37% 1.86% 96.52% 40.24% 98.53% 42.38%
TopHatl ann 93.51% 1.88% 96.47% 40.64% 98.53% 43.01%
TopHat2 91.38% 2.43% 98.93% 43.04% 99.41% 46.14%
TopHat2 ann 92.00% 2.62% 99.29% 49.48% 99.67% 55.92%
B. Simulation 2

BAGET ann 94.93% 1.84% 84.65% 0.00% 94.84% 83.16%
GEM ann 71.85% 27.55% 92.36% 75.75% 98.83% 85.69%
GEM cons 72.50% 26.85% 92.09% 75.59% 98.79% 85.33%
GEM cons ann 72.21% 27.18% 92.29% 75.64% 98.82% 85.51%
GSNAP 94.28% 3.67% 75.25% 43.56% 99.49% 57.32%
GSNAP ann 94.31% 3.66% 79.16% 46.14% 99.80% 58.16%
GSTRUCT 94.47% 3.64% 80.51% 37.28% 99.55% 46.34%
GSTRUCT ann 95.18% 2.93% 80.64% 41.23% 99.62% 51.29%
MapSplice 92.72% 1.90% 92.82% 46.45% 99.26% 49.13%
MapSplice ann 92.90% 1.88% 92.70% 46.31% 99.24% 48.97%
PALMapper 62.96% 33.82% 97.57% 70.30% 99.59% 89.69%
PALMapper ann 60.71% 36.28% 98.61% 71.06% 99.74% 89.41%
PALMapper cons 71.11% 13.66% 96.29% 59.52% 99.52% 81.57%
PALMapper cons ann 72.53% 21.79% 97.15% 55.24% 99.74% 85.28%
PASS 89.59% 0.56% 28.98% 8.66% 96.35% 33.04%
PASS cons 87.10% 0.38% 29.79% 12.13% 96.81% 43.88%
ReadsMap 82.51% 3.97% 84.58% 27.13% 86.71% 27.99%
SMALT 96.07% 0.26% 67.19% 0.00% 97.76% 73.00%
STAR 1-pass 93.36% 2.87% 77.71% 40.46% 99.32% 52.22%
STAR 1-pass ann 93.33% 3.38% 82.00% 46.36% 99.61% 62.46%
STAR 2-pass 93.24% 3.53% 82.37% 49.17% 99.57% 65.70%
STAR 2-pass ann 93.08% 3.69% 82.56% 49.36% 99.61% 65.88%
TopHatl 83.98% 2.11% 96.38% 39.08% 98.72% 43.37%
TopHatl ann 84.40% 2.13% 96.36% 39.47% 98.73% 44.02%
TopHat2 75.53% 2.39% 98.39% 40.69% 99.47% 43.87%
TopHat2 ann 77.05% 2.60% 98.56% 45.98% 99.58% 52.60%

Results are shown for simulated reads from the nuclear genome. The percentages in